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FOREWK3RD 

Perhaps no planet in our solar system has been more curiously regarded or aroused 
more speculation than Mars - from scientific theories about the canals, spring growth, 
the wave of darkerting, and the possibility of some form of life, to the popular fictional 
fancy of little green men with intellects far more developed than those of earthlings. 

Mariners 4, 6. and 7 in 1965 and 1969 provided man's first close look at Mars, but, 
because these spacecraft flew by the planet, the took was brief. 

Mariner 9. the first to ever do so, orbited the planet. The spacecraft carried five 
scientific instruments and performed six scientific experiments. For 349 days, Mariner 9 
transmitted a vast amount of data, including 73CX) television pictures. 

Here, then, in this document are some findings revealed by man's first long, close 
look at the "dynamic, evolving wwld" of Mars. 
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Mission fcvcnt Nummary 


Mariner S was launched front Cape Kennedy, Florida, on 
May 30, 1971, {Figs. 1 and 2) on a direct-ascent trajectory. 
The launch was deliberately aimed away from Mars to ensure 
that neither the untterilized Centaur launch vehicle nor the 
si>acecraft would impact Mars and contaminate the planet. 
When the spacecraft safety responded to commands after 
launch, its trajectory was altered on June 4 for Mars intercept 
on November 13, 1971. This trajectory-correction maneuver 
was performed vwth such accuracy that no other corrections 
were necessary for the entire 167-day flight to Mars (Fig. 3). 

The objectives of the Mariner 9 mission were to photo- 
graphically map the surface of the planet and to observe the 
dynamic characteristics of die surface and atmosphere from 
orbit for at least TO days. To achieve these objectives, six 
experiments were carried on the spacecraft; television, ultra- 
violet spectrometer, infrared spectroscopy, infrared radiom- 
etry, S-band occultation, and celestial mechanics. Two experi- 
ments (Sband occultation and celestial mechanics! used the 
radio telemetry subsystem to gaflier data,* the others required 
specially developed instruments (infrared radiometer, infrared 
interferometer spectrometer, ultraviolet spectrometer, and 
wid€i-and narrow-angle television cameras} mounted on due 
spacecraft's scan platform (Fig. 4), an articulating instrument 
mount widi a pointing-selection capability of 215 degrees in 
azimuth and 69 degrees in elevation. 

The acquisition of science data began shortly after launch 
by recording doppler and ranging information for the celestial 
mechanics experiment In late September and early October, 
two star-observation sequences were conducted, using the 
televisiw cameras and the ultraviolet spectrometer to provide 
calibration information for the scientific instruments and for 
ttve scan-platform pointing. Other instruments mounted on 
die scan platform also were tested for operational ability. 
Five days before arrival, recording and playback of Mars data 
were conducted over a two-day period, primarily to photo- 
metrically calibrate die television cameras; however, the data 
also gave some of the first close-up indications of the dust 
storm in progress on the planet. Some pictures also supplied 
data for accurately determining the positions of the two 
Martian satellites, Phobos and Deimos. This new information 
made it possible to photograph the satellites during orbital 
iterations. 

The first planetary science data were obtained three days 
before orbit insertion with a series of pre-orbital sequence 

(POS) television pictures approximately every hour; thus. Mars 
was viewed once each 15 degrees of planet rotation. This 

F/g, 1. Launch of the Mariner 9 apacecraft from Cape Kennedy 
by an Atias-Cantaur first-and m}ond‘Sbigm iaunch mhkte. May 
30, 1971. 
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fiS- 2. The 2200-poun() spacecraft is shovm with the circular, 
S^n. hi^-gam antenrta facing the wewwr The white i^roud 
is a dtermaf blanket cohering ffie propellant tanks of the 
300-pound- thnjst retro-engine. The rocket noezle protn/des 
from d>e top with dte low-gain antenna visible behind it. The 
scan platform carrying dte scientific experiments is visible 
below the spacecraft The Mariner 9 measures 7% feet from the 
scxt platform to the tip of the low-gain antenna and ^ans 22 
feet. 7% inches from tip to tip of dte extended sotar panels 



fig, 3 The flight trajectory of the Mariner 9 is shown relative 
to the Earth's and Mars' orbital paths around the Ctm. The 
positions of the planets at laumh, at arrival, and at the end of 
the standard mission are indicated on the planet orbital track. 



fig 4. Mariner 9's scientific instmments mounted on a mov- 
able scan platform. The television cameras were designed to 
"map" the surface of Mars; the spectrometers, to investigate 
the composition of the planet' and the radiometer, to deter- 
mine the temperatures of the Martian surface and atmosphere. 
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series of pictures was followed by another senes fPOS 21 with 
similar timing. These pictures were taken as the spacecraft 
approached the planet to obtain a set of global, full-disk 
pictures to be used m low- resolution mapping. The last se- 
quence fPOS 3) was taken during a slightly shorter period 
than the others because of the insertion of Mariner 9 into 
orbit. 

On November 14 GMT jNovember 13 PST), the spacecraft 
was inserted successfully Into orbit around Mars (Fig. 5) by 
a l&minute motor burrt. (Figure 6 is a complete mission pro- 
file of Mariner 9 during its orbital operation phase.) Two days 
after insertion, on the fourth revolution around the planet, the 
spacecraft s orbit was corrected by a six-second firing of the 
rocket engine. However, because of a previously unknown 
variation in the gravity field of the planet's equatorial plane. 


the average orbital period (1 1 hours, 58 minutes. 14 seconds) 
was found to be slightly too short, gradually changing the 
time relationship of the low point m the orbit (periapsis) to 
the tracking station (Fig. 7), a change which would eventually 
affect the reception of the data playbacks from the spacecraft. 

At the time of Mariner's arrival, the planet-wide dust 
storm, which had been observed from Earth through telescopes 
starting in late September, was still obscuring the surface 
features of Mars, This sfoim actually was a bonus to scientists 
and ultimately provided many additional scientific findings. 
It was, however, responsible for the one and one-half month 
delay in the image-mapping phase of the mission, which could 
not be started until the dust storm subsided. During the wait- 
ing period, interim plans, subsequently designated Reconnais- 
sance (Recon) I and II, were developed and implemented. 



Pig. 5. Artist’s concept of The Mariner 9 spacecraft as it approached Mars. The spacecraft turned from the sun position shown 
to point the rocket engine along the indicatea ftii^t path, then fire the engine to decelerate so that it could ohtain the desired 
elliptical flight path around Mars. The orbits of the two moons. Photos and Deimos. are in the equatorial plane of Mars 
The 64-degree inclination of the spacecraft orbit made it possible to photograph the south and north polar regions of Mars. 
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Recon I, put into effect 12 days after Mariner 9 was 
inserted into orbit, supplied considerably more global infor- 
mation than planned. In particular, more data were supplied 
for the south polar regions than for mapping and variable 
featum. Recon I was continued until 32 days after Mars orbit 
insertion, when Recon II was incorporated, this plan took 
maximum athrantage of the fact that ttte spacecraft-Mars-Sun 
posititMS was changing, providing different lifting angles and 
times in the ortwtal period when specific information could 
be gained. Spectra data from the dark side of the planet and 
ultraviolet limtxrossing data were included in both Recon I 
and II, and a constant effort was made to record as much data 
as possiUe. 

The clearing of the dust storm became more spparent in 
mid- December, when dramatic changes were observed in the 
lower parts of the southern hemisphere between 60 and 90*^ 
latitude. Clearing extended rapidly into the ecpatorial repons. 
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fig. 6. Pmfit 0 of the mission sequence of the 

Mariner 9 spacecraft 
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Fig. 7. Mariner 9 orbitaFperiod variation after the first and 

tmwid trim maneuvers. The Mars gravity difference widt 
longitude caused the time for one ^acecraft revolution to 
vary in dtk manner. 


Preparations for the new mapping sequences were then put 
into effect. 

A second trim maneuver was made on December 30, 47 
days after Mars orbit insertion. This maneuver corrected the 
orbital period, coordinating the periaptit passage timing with 
the view period of the 64-meter {210-footl antenna at the 
Golds tone tracking station in California (Pig. 8). The maneu- 
ver also changed the periapsis altitude from 1387 to 1650 
kilometers (862 to 1025 miles), so that television coverage 
was broader and the mapping objective could be fulfilled ir 
the lime remaining for high data rate during tire 90-day 
standard mission. This second trim was the last maneuver 
performed. 

Mapping was performed in three 20-day cycles. The first 
cycle was designed to cover a latitude band from about 65 to 
about 20®S. The sectmd cycle overlapped the areas from 30 
to 20®S because tire earlier pictures did not provide complete 
sidelapping cove ige from orbit to orbit Mapping in this 
cycle extended to about 20°N latitude. The third cycle com- 
pleted any unrecorded areas in the 20 to 10°S latitude band 
and provided surface coverage from 20°N latitude to the polar 
hood at 45 to 60°N latitude, where surface detail was masked 
by atmospheric haze and clouds. At the end of the three 
cycles (February 29, 1972), after 110 days of orbital opera- 
tions, all mission objectives had been fulfilled. 

Operations continued daily through March 31, 1972, The 
distances between Earth and Mars were increasing, and the 
pointing direction of the high-gain antenna had moved off 
Earth. As expected, loss of telecommunications signal strength 
resulted in decreased data rates. Halfway through the third 
mapping cycle, the data rate had already been : +iced from 
16,200 to 8100 bits per second (Fig. 8). By the er>u of the 
titird cycle, a combination rate of 8100 and 4050 bits per 
second was incorporated. 

Picture sequences after the bird cycle consisted primarily 
of special areas of interest (targeu), with the selection of loca- 
tions based on ultraviolet and infrared data as well as on tele- 
vision observations. One special data- taking sequence was 
acquired, when the spacecraft was maneuvered to point the 
high-gain antenna at Eartii. The brief period of high-rate data 
during the high-gain antenna maneuver provided the last science 
coverage before the start of solar occultatlon (passap of the 
spacecraft through the planet's shadow). An engineering-test 
sequence was conducted with low data rates to confirm opera- 
tional procedures after solar occultations. 

Solar occultation began on April 2 and continued until 
June 4. Except for celestial mechanics and S band radio exxul- 
tation experiments, no science data could be acquired from 
the start of the spacecraft engineering tests before occultation 
until about June 8, On June 9, when another high-gain man- 
euver was made, scan-platform instrument data recorded on 
preceding orbits were played back to Earth, 

This period of science data existed until the end of the 
mission on October 27, 1972, During the extended mission. 
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Fig. R. Dmty view period of dte Deep Space Net (DSN) S4-m 
(210-foot) atitmna. Station 14. The Mariner 9 second trim 
nvmeuver on revoiotion 94 changed die spacecraft periapsis 
and antrnma aenith timing so that a favorable communication 
pattern could be maintained during the life of the mission. 

11 ptaybacks yielded 329 television pictures as well as other 
scientific information. Most of die emphasis in June and July 
vm placed on the north latitude and north polar cap surface 
m^ing which, earlier in the mission, had been hidden t?/ 
the nordi polar hood, the massive cloud formation over the 
pcrfe during the vwnter season. Targets viewed earlier in the 
mission ««re aitsequently re-viewed to search for variable 
surface and atmmpheric features or for higher-resolution 
images of geologic structures. 

Hi^i-gain antenna maneuvers were not conducted from 
August 8 to October 12 because of requirements for the 
relativity t«st of the celestial mechanics experiment Also, 
at about the time of superior ccmjunction on September 7, 
1972 (Fig. 9) radio transmission was poor, thus making a 
hi^-gain antenna maneuver risky and the data return of 
questionable value. 


A third period of Earth occultations began on September 27, 
1972, providing an opportunity for the S-band radio occulta- 
tion experiment to acquire additional cxxultation data at new 
points. On September 28, end-of-mission engineering tests 
were initiated for a better understandir^ of the condition and 
capabilities of the spacecraft at the end of its long and pro- 
tkictive life. The seventh and last end-of mission test was per- 
formed on October 17. 

Mariner's life ended on October 27, when the supply of 
nitrogen gas, used for attitude stabilization, was depleted. On 
that date. Mariner 9 had operated for 516 days since its launch 
and for 349 days since its insertion into orbit. Mariner 9 will 
remain in orbit for a minimum of 50 years before it crashes on 
the surface of Mars. 

The ^acecraft has transmitted 54 billion bits of science 
data, including more than 7300 television pictures of Mars 
and its two natural sate'lites, Phobos and Oeimos, and has 
mapped 1(X) percent of the surface of Mars — an excellent 
performarKe by the first man-made satellite ever to orbit 
anodter planet. 



Fig 9. Mariner 9 superior exjunction, September 7. 1972 
Planet o/hit geometry causes line of sight of fiif^t path to 
pass less dian me degree above die north limb of the sun. 
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Surface Maps 


One of the primary objectives of the Mariner 9 mission 
was to photographically map the planet. Mars, by taking wide- 
angle pictures iMrich vwuld establish the positions of surtee 
features and form the geodetic grid. Pictures of higher resolu- 
tion were to be taken as the spacecraft approached the planet 
to provide contiguous coverage of the surface. However, 
because of the raging atmospheric dust storm (Fig. tO), these 
pictures ctxild not be taken. 

Although the dust storm prevented the record! rtg of these 
pictures, significant data defining the shape of the planet were 
derived during the early part of the mission from occultation 
points (Fig. 11) by the S-band occultation experiment. As the 


spacecraft approached the solid disk of the planet, the radio 
signals were altered by propagation waves thrwigh the planet's 
atmosphere. The radio signals passed through the upper, then 
the lower, atmosphere. During this time, variations could be 
detected in the radio transmission characteristics. When the 
trajectory carried the spacecraft completely behind Mars, 
out of view of Earth (Fig. 12), all radio signals were blocked 
by the solid surface and communications were cut off, pro- 
viding an accurate measure of the shape (radius) of the planet. 
Conversely, while the spacecraft was emerging from behind 
the solid disk at another point of the planet, its shape, the 
lower, then the upper atmosphere was measured. 



fig. to. PngQrbitol pktum of Mm lowing the only features which could be seen through the global dust storm: the four 
dark spots just north of the equator and the light patch of the residual south polar cap. 
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Two occultations occurred each day during this first phase 
of the mission, for a total of 79 occultations. Each one pro- 
vided two specific measurements totaling 158 measurements 
of the planet's radius. Later in the mission, more occultation 
points were accumulated. The information gained in the first 
part of the mission was used during the operational period to 


analyze the Martian surface for a better understanding of the 
previously unknown planet. Surface elevation differences 
varied more than 14 kilometers {9 mites) from the low points 
to the high points. Variations in the topography of Mars 
{Fig, 13) are more extreme than in the topography of Earth, 
a planet twice the diameter of Mars. 



••H HI ! )M 

Ftg. 13. Sf} 0 d 0 d mtief m$p of Man showing the entire surface of the oianet with the fitoiar caps st their minimum sae. in this air- 

brushed rendition, the light and dark or color markings do not show; the physical features appear as they would if lighting condi- 
tions wen the same at all parts of the planet. {Scale, 1:25 million; produced by the U.S. Geological Survey, Flagstaff, Arizona) 
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Surface Characteristics 


The pictures taken in rtie three pre-orbita) science sequences 
pve total global coverage of the dust-covered planet on whidi 
only five distinct features were visible: the south polar cap and 
four dark spots (Fig. 14). Toward the end of December, when 
the dust storm cleared and the surface characteristics cojld be 
clearly observed, these four spots were revealed as volcanic 
mountains on the face of Mars (Figs. 15 through 18). One 
feature, known as Nix Olympica, is largest volcanic forma- 
tion ever seen by man. The diameter of the volcanic shield 
is greater than SOO )dlometers (310 miles); the height from 
the surrounding plains to the hipest point on the lip of the 
caldera is 24 kilometers (about 80, (KX) feet), almost three 
times the height and tvwce the diameter of the hiand of Hawaii 
(the largest similar type of feature on Earth). The other spots, 
provis nnalty labeled North Spot, Middle Spot, and South 
Spot, are not as large individually. However, combined with 
the 6-to 8-kilometer (4-to 6-mile) hei#it of the Tharsis Ridge 
on \M»ich they are located, they rise to elevations very close 
to that of Nix Olympica, and their base diameters are about 
300 kilometers (200 miles). 

The boundaries of the south polar ice cap, compared to 
those photographed by Mariner 7, held amazingly constant 
during the summer period (Figs, 19 and 20). The permanently 
capped areas are apparently smooth and flat with a water-ice 




F/ji 75. 77>e t/ark spot, /V/x Olympica, seen through fhe dusty 
atmosphare, looks Ilka a vulcanic crater. The many terraces 
dte cusp of die outer perimemr indicates diat die 60- 
kilometer (40-mile) feature has experienced many epics. The 
ii0itlinm aertm die picture remit from die computer-enhance- 
ment process acting on die black reseau marks vdiich are part 
of the picture data. 



(a) (b) 

Fig 14. The four dark spots seen througFi die dust storm, (a) A four-picture mosaic of computer-enhanced photogrmhs vdiich 
not only show die four spots but also reveal many details of features of the dust-laden atmomhere which could not be seen with- 
out enhancement The spot fo die left is in m area previously known as Nix Olympica (Snows o,' Olympus). The three ^ots to 
the ri^t, in the general region known as Tharsis. were named North, Middle, and South Spot, respr.ctively. An atmospheric wave 
can be seen extending southmst from Soudi Spot for a distance of more than 1000 kilometers (620 miles), (b) A single picture, 
computer-enhanced, horn the crater-like nature of die dark spots. 
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Fig. 18. Sou&, ^ot This Martian crater. 115 kiiometers (70 
miles} in diameter, is near Nodus Gordii (the Gordian Knot). 
South Spot was photographed on Nowmber 28. 1971. The 
crater and its immediate surroundings are high ground, emerg- 
ing isimd-tike from a sea of mnd-biown dust In pictunsi 
taken 48 hours later, the edge of the dust cloud had shifted, 
obscuring the ridges and valleys on die oumr northwest rim. 
The multiple concentric fractures on the western rim and the 
abundant rimless craterlets suggest that this is a crater or 
caldera South Spot i$ die largest caldera even seen by man. 


Fig. 17. Middle Spot A volcanic crater 65 kilometers (43 
miles) wide, is located a few degrees north of the equator 
near Pavonis Lacus Detail of the surrounding terrain was 
obscured by atmospheric dust 
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Fig. 19. Views of the sou^ polar cap: ia) Mariner 9. (b) Mariner 7. The dark marking in the Mariner 9 wi<^ m0e picture of the 
cap U correlated with the ti0t markings on a narrowan^e picture from Mariner 7. The Mariner 7 image has been rectified and 
computer-enhanced. Although this version shows itrong contrast, the entire area actuaUy wm covered by frost 
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(o) 

fig. SottmiMm 0 f the »u0t (iotM c#» during the sumimr mmin dtomng rmidual cm mafutim. The mt^-mgfe 

photo^mhs hme been computer -enhsmed. rectified, md seeled to permit vimel comperimn. Significant change cm be men in 
cm baundmies in the top two photogrmhs, but refatnmiy staMe conditions for d>e remaining summer season are shown in the 
tower. The ember photo^aphs are softmdtat obmured by the dusty atmomhere. The residue cm dimension is about JOO by 35§ 
Motmmn (200 by 2M milesh 
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ih) 


^>9- 20(h). The fork tfie iktrk fhmnet seen lower left in the oret't\1>ng wnh' .mgte ohotograohs. is shorn’ in four n,mow itnpU' 
pktttrvs Ukm ,if different times throughout the mission. The thnv nhotogr^hs ohtomed on rexmluftom 1 1. 28. ,md 124, 
resftectmrtY. were token mth son elevations 15 to 20 ilegrees ohove the hartron. The fourth nirture. token with son elevittion 
of nhout 4 liegrees. vividlv degihiys the tonogrm’hv of the smnoiis slones. 
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simiiar to the type of grooving seen in glacial formations on 
Earth (Fig. 225. The bulk of the terrain in the southern 
hemisphere is saturated with impact craters, resembling the 
crater-pocked terrain observed on the lunar surface. This type 
of terrain, viewed by Mariner 4 in 1965 and by Mariners 6 and 
7 in 1969 (Figs. 23 and 24), first led scientists to believe that 
Mars was Moon*lik«. 








Fig. 23. A mosaic of mde-angle photographs taken by Mariner 6 in July f969 shorn more thm 1500 kilometers of heavily cratered 
surface in dte mid-south latitudes Even the narrow-angle pictures of the white-bordered areas show the small craters in the hi0i- 
resolution surface detail. Lack of geological variation in photographs taken during the 1965 and 1967 flyby missions gave a 
mistaken impression of Martian geology. 
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fig. 24. Comtmriiion of mt ma to tfte soutfiern hemiUfhero photogrtiohetf Oy M.mner 7 in Mjethm ojfly spnng AuptM 1969 
if of ft with tfw same amo fihotognmhotf by Marinor $ m Martian mHisummor, Jmwary 19I2.'' The surface feaftom :iian l-at tmfti&y 
ideritified in both photographs, but the atimte, or shading, has chmt^td. The diffemtce'in tfte sorfMP^'appearancedsa>raivfhi$ 
caused by dust deposited hy the global dmt storm, tl mods throughout the remainder of the Martian year Mow the dust away 
the stiff ace seen in early spring mwtd again tm esposett 
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Fig. 2SL Extraon/inary pits and hollows photographed about 800 kilometers (500 miles) from the south pole on revolution 108. 
These fmiKtm gim rise to stme provocative guesticm about Om geologic^ processes which have ^med dte landforms of die polar 
region, (a) The two large closed basins are about l&kiitxmtem (lOmitm) across. Unlike colfstm Matures remiting from volcanic 
withdrawal, these hollows exhibit no interior terraces Conceivably, these structures may have resulted from the thawing of large 
accumulations of ground ice Another possibility is drat they are deflation hoHows developed by wind action in loosely constdi- 
dated materials (b) Contrasting terrains of Novus Moos area (66 *5 and 325°W) are seen in the composite of two hi^-resolution 
pictures The smmth but finely sbiated area in die center stands at a higher elevation dtan the mote irremdar terrain in die ttd> of 
dte picture. This smooth feature is about 70 kilrnneters (43 miles) across. At the bofttm. albedo patterns, which are mote pro- 
nounced, conceal the relief patterns 
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mawriai which filled cmsxutting frxtum and then later became expomi w/wn erosion removed the snrmtmdmg weake> 
material The resistant material may have txen molten rocks intruded into faults or dust blown into crevasses in an ancient ke 
mass The area diomt is afjproxitmtely 42 by 48 kilometers I2S by 30 miles). 
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The region of the northern hemisphere, apparently flooded 
with lava flows, has an entirely different and unexpected 
appearance. The area near the four volcanic mcxjntains show 
signs of later stress by crustal movements (Figs. 27 and 28). 
In one example, fracturing occurs in three major directions, 
with uplifts and tilted blocks. Farther to the east lies a lattice 
of canyons (Fig. 29) with more extensive fracturing and a 


outstrip iie great rift tow in iastern Arrip. Other areas, 
rwartoy, called "chaotic terrain" |Flg. 31), a jumbled type of 


lon^tude of #i« p(atiet This entire area hm been flootted widi 
basalt {Fig. 32).. Its smooth ifpearance is an ..lndicati»i that 
the flooding occurred after the planet sxperianctd an era 
Iwllions:. of. years . ago in which impactini meteorites left it 
completely $a«jra»d vwth impact craters. 


fig. 27. Striking vi 0 d»-m^e wew of the surfaai in the area of 
f^&enicis Lacus. taken Gbring the spacecraft's $7th orbit This 
plateau dm about 6 kilometers (3- 1/2 milesi above the mean 
^evation on Mars. The few craters indicate that the surface is a 
volcanic deposit from a relatively young lava flow, which wsrs 
later broken by faults that cut the rocks into mosaic-like frep- 
rmnts The fault valleys are more (hm 2 kilcmeters ( 1- 1/2 
miles) across, This pkbjre was taken frrm an altitude ofSWO 
kilometers f4,W0 miles) on December 17. North is at the tep. 
The center of the picture is 17.5 "S latitude and 110 'W 
longitude. 


Fig 29. An intricate network of mighty canyons appears to 
hang like a giant chandelier from the Martian equator in a 
picture taken January 10, 1972 This picture, which covers an 
area 540 kiiomewrs wide by 420 kilometers high (330 by 
2^0 miles}, provides dramatic evidence of erosional processes 
at work on the fractured volcanic tablelands of Noctis Lmus 
Sunlight is coming from the east (right side) of the picture. 
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Fig. 30. Mart than 100 photographs were used to complete this mosaic of the equatorial region showing the four volcanic 
mountains on die left and the canyon lands and giant rift to the right Some of the highest and lowest elevations on Mars are 
located in this relatively small part of the planet 



Fig 31. (af Wide-angle photograph of extremely irregular, jumbled terrain north of Coprates Canyon. This hummocky area, 
apparently caused by a landslide from the hig^, smoother terrain, is similar to the chaotic terrain seen in photogr^hs taken by 
Manner $ in 1963 fb) A high-resolution photograph of dte area shown to the lower right of center in the wide-angle picture. The 
low sun angle enhanced the topographic detail, df owing die slumping and breaking of the terrain by the sliding action. 







fig. 32 The northern hemisphere of Mm from the polar cap to a few degrees south of the epuator, taken August 
7, 1972 Complex sedimentary systems can be seen in the area of the north polar ke cap, which was shrinking in 
the late Martian spring, fractured terrain, partially flooded by volcanic extrusions, is visible in the center of the disk. 
The volcanic mountains can he seen at the lower left and the west end of the great eguatorial canyon. Coprates, at 
lower right The three computer-enhanced photographs comprising the mosaic were taken 84 seconds apart from an 
average range of 13,000 kilometers 18500 miles). 
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Fig. 33. Wid 0 -m^e camera views of aibedo ^rface Matures, (a) Enlarging dark features were observed during die missim in dtis 
area of the southern hemisphere tJO'S, 259° Wl. (b) Streaking scan in part of the dassiari feature in the northern hemisphere 
known as Syrtis Major (13° N, 283° W} is indicative of strcmg surface winds. 



Fig 34. Two narrow-m^e photographs of die area ^n in die center rigdit section of Fig. 33(a) show a leaf-like, dark feature. 
This 8-kilometar (S-miie) feature developed between die recording of the left photograph on orbit $9 and the right photograph 

on orbit 1M, thirmn days lam. The total area shorn is approximately 45 kilometers (28 miles) wide. 
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Variable surface changes detected throu^iout the mission 

indicate that areas light in color are fine, particulate matter 
(Fig. 33), mobile in the winds. The dark areas are coarser, 
granular material or rocks and a^e less mobile, or possibly 
completely immobile, in the winds. In all cases in whi'"h 



surface chanps mt*. observed, the boundaries of adjacent 

light and dark material changed so that the light area always 
retreated or showed a change, and the expanse of the datk 
area enlarged (Figs. 34 and 35). A somewhat uniform dust 
layer may be deposited over the surface of the planet by 
global dust storms and then, later, moved about by local 
dust storms, expostrrg the darker surface material. In some 
regions, the dark areas in the floors of craters (Fig. 36) 
showed a pattern similar to sand dune fields on Earth, indi- 
cating a larger granularity than lighter colored dust. 

The surface characteristics and composition of the varied 
types of terrain have been compiled to determine the strati- 
graphy of Mars (Fig. 37). The older crater areas appear modi- 
fied by processes of tectonics, volcaniim, glaciation, and wind 
and water erosion. 



(b) 


Fig. 35(9}. Wide-angfs mew of the vokmic creter, Middle Spot, 40 kilometers (25 miles} wide, located near Pa/oois Lacus on the 
equator of Mars. A mrrow-angie picture of the north flank (white rectangie} thorn ridges, vvhich appear similar to lunar mare 
ridges inferred to be breaks in the crust, along which extrusions of lava have taken place. The photographs were taken on 
Chamber 16 and 22. 1971. when obscuration by the dust storm was subsiding in the higher elevations, (bf A narrow-angle 
photograph of the same area taken March 1972, shewing the development of two dark areas. It is calculated that, because of 
the high altitude and low atmospheric density, the -winds had to he greater than 500 kilometers (3(X) miles} per hour to dear 
dte dust from the surfxe to expose the dark underlying material. 
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3S. A cmrtfmmm between he^t at 15”$ iabtut/e, a^cufated fnm dte gravity moekd (fig. 3SJ, md bhe xnttri ^evatim 
mmmrmf fnm emih-bmed rmlmr. The differmme between dm two pmfifes imMcatm diet surface density is probebfy net uniform. 
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Atmosphers 


The dun »tomn, Mhkh made surface investiphon iin^sos- 
siilt during dte earty part at me mission, tNd provide iirnne- 
dKaU! data about die aonophere of Mm. From the first 
mewitermmtt. som structure cotdd be seen in die ij^ppcr 
extreme of d» dust patl, revettfing a liege vwwe formation 
mttWKtiof from the four m»k spott to mme than 1000 kilom- 
eters (€00 milesi to the soudiimest (Fig. 14K When the storm 
deiNwi, die wave formahon seas setm to be modaMI Mrith 
the Tharsis Ridge. 


Some meanjrements were made during die peak of die cfeist 
storm, uhen die materM entririncd in tfie aimoigjhere could t 
sensed by die infrwred spect ometer (Figs. 40 and 41). From 
dutie measunments. it dedumined that me maomriat was 
probaMy Mwut ^ percent dticon dioxide, consistent with 
di»t originating from basaihc rock. Surface chw'achMristlcs 
tmasured later, when dw atmos^iere was dear, tncKcate a 
similiMr silicon dioxide conH>ositton. conustent with die amfde 
evidence of vdcanism. 



Fig. 4Q Aft exangth of thermaf emmion spectre of the south poler cm, mmsuted mth the infmred inferf er o meter spectrometer 
ffftfSl Six imhwiOusf scam fmm onbrfs 29 and M me atmagad m pnm dtis one spectrum. Tlw smooth curse is aprofUe from a 
uniform thermai emitter {black bocfy) over (he specdaf sme-number range. Oeeiabon of the mm mmbers from 200 to ^ axe 
influenced by mster (M^}; mm numbers from 400 to 600 end from «50 W 12W are mOwmcad bg the surfaat comprmdrm 
(SiO^; and mm rwndmts from 540 to WO me mflmoced by the atmosphere (€0^. 



Fig 4!. An exemple of rtmt-pcder ttmmud ewijwicw spectra measured mth IRIS. Six indimehud smctra axe mrmaged ftmt orbit S 
in the rpgion of f8*S, f3*t¥. ¥ariaborts from dm black body rehsrerxe curves ere inffuericed by WjO, SiOy, mdCOy, as indicated 
in Fig 40 x c ar 
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(a) 



(b) 


Fig. 4Z Uftravioiet reflectance measumrtmts for a dusty 
reffion (top curve) and in a relatively clean region (bottom 
curve) in mrdt pole at Mtudes of 4S and M degrees, rmpmt- 
hrety. The irregular curve, increadng in mrtptitude to dm ritj^t, 
k the ultraviolet signM fmn the Mam apnrmhere f intensity, 
photons crrr^ ate* 4 */;, straight line indicates die re- 
ftectance of the ratio of the intimity of the atmemphere ft? 
dm intmwity of energy frtm dm mm (seder dux). The change 
in the slope from left to fight indicates change in the quantity 
of dm dust in the atmogihere. The heavily dust larfen atmo- 
sfdwre prevmted mmtgy frtm pturntrating to the lower 
levels The low dkmuity of the atmosphere above dm dust 
indicated Imge qurniddm of dust m high as 15 kilomernrs 
(to miles) rdrove dm $ millibar mem level. Sitting of the 
firm from dm peek dovm to the right signifies atmospheric 
clmring 
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Fig 43. Hewlts of die radio occaltation experiment, which 
trmmred dm atmospheric pressure at dm surface occultation 
point The high pressures in die nordi ladUtdes indicate a low 
surface altitur^ The surface altitudes in north latitudes are 
generally lower dian in dm south by 5 to 6 kilometers. This is 
camistmt with direct radius measurmimu. 



Fig 44. Bepresmntative Mardm atmtmpheric ternperamre pro- 
files measured by die IBI& The tmperaturm go from iso- 
diermat (cemstmt widi altituae) to almmt adiOratic (decreas- 
ing indi Mtitmhi or with mduction of atmomherk prmmnm). 
Profiles ware obtained from infrared interferometer sptmtnm- 
etar data acquired on November W, December 14, and 
January S 


28 



Tha depth of the dust patl was estimated from ultraviolet 
spectrometer (Fig. 42) measurementt of the pressure of the 
atmosphere at the upper bourtdary and from radio occultation 
(Fig. 43) and infrared spectrometer (Fig. 44) measurements 
of the lower boundary (the planet's surface). The average 
upper boundary pressures were 1 to 2 millibars, vdtich meant 
the dust was rising 15 kilometers (10 miles) above a mean 
surface elevation of 6 millibars. In some instances, dust levels 
as high as 45 kilometers (30 miles) were detected. 

The infrared spectrometer and radio occultatiom deter- 
mined the atmospheric temperature (Figs. 45 and 46). The 
temperatures were almost isothermal, i.e., the temperature was 
constant with altitude, an unexpected but logical result of 
the dusty atmosphere. At the dust storm subsided, the tem- 
perature profiles bec»ne more typical, with temperatures 
decreasing as the altitude increased. Such profiles were also 
observed by Marirters 4, 6, and 7. From Mariner 9 data, it was 
noted that the south polar regions had a well-established and 
well-formed temperature inversion condition (Fig. 47), with 
the ten^raturc irKreasing instead of decreasing with altitude 
for the first few kilometers above the surface. 

The more normal condition of temperatures decreasing as 
the altitude increased (temperature lapse-rate) gave the first 



tlMKIIAttME. « 

fig. 45. Th» ttmpantun M » function of atmotpharic praaaura 
/eve/ for thraa iocationa: (a) IS.ffS, 64.^*W (Sinai); (b) 
38.(fS. 2B2.tw (Hailat): ic) 86.€‘S. 342. fw (aoulh polar 
raghn). The tiope raaenal on curve fc) it indicative of an 
inveraion layer. Dathed partt of the curves repretant uncertain 
fmdingt. The hmght acaie at tight it baaed on the tripleiMint 
pratauta of water (6. f millibars) at a reference. 


positive clue diat the dust storm was clearing. Ultraviolet 
spectrometer measurements also showed that the depth of 
the dust layer was decreasirtg; ground surface features could 
be detected, and clearing became evident around tha plarwt. 
Some areas took longer than others to become visible because 
of the local winds »id/or the denser atmosphere of lower ele- 
vations. Hellas, one of the lowest places on Mars, may not 
have cleared until late in the mission, winter in the southern 
hemisphere (Fig. 48). 

A hi{^-aititude haze (limb haze; see Fig. 49) was observed, 
as expected, because it had been viewed in the fly-by mis- 
sions of 1965 and 1969 wd alto had been predicted from 
Earth-bated observations of doud movements. Small local r^t 
storms (Fig. 50) were detected on many occasions, and their 



(a) 



fig 4& The atmospheric temperature profiles measured by 
the radio occultation experiment The entries for orbits I 
through 9 are shoMft in (a); entrm for orbits 40 through 49 
are shown in (b). The lapse rate (temperature change widt 
altitude, radius) is greater for later orbits, when the atmo- 
spheric dust began to dear. 


29 











mmt low bmim, did not becam 

0C 

iuv 9iirnn e' utristit. rrvifmi f9 K.nvwn iv UiP Orw Qr we fOWeSf fVfftOnS On M&rs mO, Ui 

imr tmtii i^te' m Mmirmr $ mmim.. 

UhJI 



nsolution. Two distinct chud layers am seen. The lower layer is IS kilometers (9 miles) highl and the upper, about 4S kilomeWrs 

i2S mitm). 


31 




ctoud about 300 kilomotaft ( tX mOe$! we$t of O>0 first sfoof). The attstfiote coirering and uncovering of dark wrfaces by vdnd- 
mwn ii^t<olored dust is imiimmd » be me cmse of me chan^ in surface markings which have been observed from Earth. 
The arrows point to the sarm crater in each photograph. 
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motion iicross the t»l<iiu>t'* smt.wi* monitoiiHt. Sfu’cial (Mtoiity 
was given to leroufing measuiements of the po!at hciod Mai- 
inef 9 foumt that the hotxf is not a massive ground fog fotma- 
tion, as some had spe»:uiated, but a complex stratification of 
cfmids iFig. Sf}. The many different types of cloud forma- 
tions, m some cases thm enough to reveal surface features 
tefow, have supplied a wealth of new knowledge atrout the 
Martian atmosphere. 

Cloud forntjtions are both carbon dioxide and water con 
densation. Massive frontal actions weie observed {Fig. 52), 
and mteractions with tite undeilying topography produced 


evident lee wave cloud foimations TFigs. 53 and 54), Lee 
wave spacing indicated a speed of 2tK) kilometers (120 miles) 
(>er (tour. The overall frimtal movements sirow motions of 
900 kilometeis (500 miles) pei day, )A/mds of higher vekxaties 
within the frontal systems are evident Itecause of the dust 
clouds preceding the frontal ■ system clouds. Because of the 
low atmospheric pressure, less than 1 100 of Earth pressure, 
very high velocity winds are necessaiy to create enout^i force 
to pick up and move the surface dust pai tides. 

Low-lying cuimilus clouds (Fig, 55), moving liom the north 
polai legion late «n the wmtei season, were rt»corded. These 



Fig. 52 Atwmpfvrh- rhnngps observed an three successive r/aps. The circle in the Fehrmry 12 photograph imikates the lacatian 
of the crater visihle in the Fehnutnr 13 and !4 pictures. The crater jppamnly is the summit of a protuberance which autses 
the perturbations revealed hy the ck mi patterns. 
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fiff. S3. Thick wave clouds viewed by Mariner 9. On the left, the clouds are viewed in twilight lifting. Chi the ri^t. special target- 
ing shows the clouds rising above the limb. The cumulus clouds rise several kilometers above die visible cloud blanket The thin 
line is a detached haie layer 60 kilometers (37 miles) above the surface. 



fig 54. A cram, similar to diat diown in Fig. 52, with a 
SOkilornem (S6-mile) frmt-eaverad ring at in summit The 
perturbatim causes a lee-mve pamm in dm thinning cloud 
structure of the north polar hood. At die lower part of the * 
picture, taken on orbit 175, cloud patterns similar to dime 
common on earth are seen spanning an area of 900 kilometers 
(550 miles). 



mow-laden clouds seen on Earth. The wide-angle view spans 1000 kilometers fSOO miles), and the narrow-angle picture covers 
100 kilometers (SO miles). Both were taken on orbit 214. 
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Fig. 56. A wide^angle photogrmh taken on revolution 676, lowing brightening of the Tharsis and Nix Olympic a regions. The 
bright areas are massive clouds With the aid of spectral data from the IRIS, the clouds over Tharsis (bottom of picture} were de- 
termined to be water-ice. 



fig. 57. IRIS spectra taken over the Tharsis Ridge region 
showing evidence of water-ice in the mMSive cloud .seen in 
fig 56. The difference between the non-clouded region, 
Arcadia, and the clouded, Tharsis Ridge, follows the same 
profile as the water-ice spectrum (tipper curve), derived in a 
laboratory. 
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clouds have ail the dist-nctive characteristics of earthly cum- 
ulus clouds heavily laden vwth snow. Toward the end of the 
missicm, clouds diat formed over the Thariis Ridge and tne 
Nix Oiyfi<t-ica area (Fig. 58! were examined by the spacecraft 
television cameras and by the infrared spectrcKneter and were 
found to have the absorption characteristics of water-ice- 
crystel clouds (Fig, 5?}. 

The comp'>sition of the Martian atmosphere is primarily 
carbon dioxide with small traces of water vtasor, but even 
die small amount of water recorded c«i produce saturation 
end cloud ftKrations at rtte proper temperature pres- 
sure. The heaviest concentrations of water vi^jor were found 
to be about 40 to 60 pr^ipitable micrometers (Fig. 58!, The 
precipitable water is the amount of water that can be con- 
densed out of a total column of atmo^shera extending from the 
surface to space. A precipitation of 25 micrometers is about 
one-thousandth of an inch. Typical .tdinp were about 10 
precipitable micrometers, but readings ui no measurable water 
vapor were also common. Other constituent ctetected were 
products of carbon dioxide and water vapor (Fig. 69) whtth 
had been separated (dissociated! because of the solar flux 
penatrattr.., the atmosphere. Photodissociation by ultravicriet 
light csxtses die separation of the hydrogen and oxygen mde- 
cutes (Figs. 60 and 61) in water vapor ana u>c uissociation 
of carbon dioxide, leaving a carbon monoxide and oxygen 
atom. Variations in the upper atmosr^ere corresponding to 



Fig. S& Distribution of atmosoberic vapor, in precipitai 
microns, for various saasons and regions Even though these 
values am tow r^ative to Earth concentrations, they represent 
a saturated cortdition for the tenuous Martian atnosphere. 
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Fig 59. Air^ow spectra {topi recorded widi the uitraviofet 
spectrometer from 2500 to 1900 angstroms {10 angstroms 
equal 1 nmometer) srrtd from 1800 to 1400 angstroms 
{bottom). The dissociative excitation of die carbon dioxirk, 
a ■ X arid A - X bands, induced by solar electrons and photons, 
was used to determine the density distribution of carbon 
dioxide in the upper atmosphere. 
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the intemity variations of the sc<» Wo* (Fig. 62} i*wre dfso 
rtefiected. V»nat*OM« tietected in the daytime atmosp^iere 
y»ere prwiwily to ch»i^ in soft*- actwity. Atomic hytjfero- 
gw, hy Kw* ultravidiet spectrometer in LymiMi 

exlemted noany thou&wicb of kilometers m it 



iAG< 


escaped fr«n the sdawei^ in excew of 20.000 kilometers 
(10.000 miles), vselt tseyood die high point of the Mwiner 9 
ortht. The hydrogen concentration remained stride, nriiich is 
an irtdiration that 1^ arerage amawnt ol wHer vapor in tfw 
NWan aBnia«|3*te« r«n*« mmxmm. Tl» srnmmmiim 
tmm that riioiit am nhflion ^lons of *«*er ms 
dissociated drily. e«pitari«it » enough walw to Itwn a tmim 
i imters 110 feet) liim, if this proc«s h*i fawr condnuir^ 
for life of Mw. 

€k&m^ a three>atom wygen moteode. h« tMn detected 
hy Mms uitraeirdet rgsectronwtMr (Ftf. 63) in priia regtorts, 
sA«i m« Iwaeily dooded by the srinwr pal*- hood. 
This sewonri doucinf contihon $t*» in labs Iril smA con- 
timies f« oisedirif y«Wf into lai^ spii^ or e*ly mmim. 
Hwre hawt hew t» de»Mri^ «one measuiwwnts wlien 
Hm pof* regipns am cl«*. 

Hhs swsswb is riiM conlimiir^ for odbir combtijHmd.' at 
iiis 6n*e, orrty cmbm rioxidt. -mm, and Urn (dteooattd 
coonpwiwhi haws hew loimd. From #» «lon»*ion aeaifriWe, 
the clouds are ridwr CMfmtates of cartson rioxide. mmm, 
or dust 
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COSREiAflON COfffCIfNTS Of SYMAN-a INrtNSilY WITH 

ZURCH SUNSPOT NUastEt d ! AND WITH OTTAWAY 10.7-<«» SOI A* 


FLUX (F 


1 . 


10.7 

fig. 62 flux mriatitm for md Sards. The ultra- 
wotet spec-domeflKr was aWe to determine solar flux variadm 
atMmt by nodrsg the wariatim in intemity of the Lymm-Mpha 
mnissim fnen dte hydrt^mt "cloud" around the planet The 
variations at Mars mere compared to solar flux variatitxm 
memajred a. farth {Ottawa. Cmadaf The dsape of the profile 
for Maas and EmUh are similar, but. for the early part of the 
missim, a twnday differenae in the rime of the occurence of 
sisyiifkmt events is noted. The two days cone^ond to the 
time it takm dm Sun to rotate on its axis from a positksn 
edtere flux ctming fnm a particular lonptude on the Sun 
radiates to Mars and, later, to Earth. Solar activity at Sards 
could be predicted two days in advance by monitoring the 
stdar flux at Mars widi the Marirmr 9. 



(a) 




(b) 


fig 63. Oetme memuremmts. fa) The ultr»itdet spectrometer 
demcted the presence of ozom, in the ptriar atmospbrni 
of Mars during the winter and spring when the trimketing 
cimtds (ptdar hood} were fully developed, lb} The latitudes 
just below the pales (SO to 75 degrees! stw showed a 
seasonal variation in the oaone meMurement 
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Fi§. 64. Pfeitmirmy map of ptwaifing minds. The map, developed from Obsenadtxa of streaks m me surface of Man, is con 



Fig. 6S The intensity of radiation observed by the ultraviolet 
spectrmmm at 3fMl mmb'btm is a htmtion of dm number 
of molecules scaftmirrg the incidkmt sotar radiation, Mtich, at 
mis mavekmgth, pmmtrates to dm Martim m/rface. The fomer 
dm surface elevatim at mhich dm ultrmitdet spm-treamm 
points, dm larger dm mmber of atmospheric mrdecufrn mthin 
its field of view (FOVf; consequendy, dm intensity demoted 
it higher. 



Fig 66 Latitude and longitude of dm 3(B0-angstrmn reflect 

mxe meamtmmnts by dm ultraviolet spoctrmneter uml to 
consduct dm pnmure—aititutht map of Mars. 
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(a) 


(b) 


: Tm river -Hke markings dixtwer&i m Mars. The larger la), located in the Rasena region at tS2‘W. 20'’$. 
(43S milm) tong. The mwiler. located in the Mare Erythrammi at about 40‘W,3Q'"S, is S7S kilometers {355 
matures have dendritic tributary systems, which coiiect into a main channel. The elevation determinatiam 
It bow direction in that the dendritic aooearance is in the hiaber around 








Moons Of Mars 


In addition to the vast amount of data concerning Mars, 
Mariner 9 obtained the first close-up views of the Martian 
moons, Wiobos and Deimos. These moons, first discovered 
less than 100 years ago by Hail, are too small to be seen other 
than as a point source by Earth teiesi:opes. Mariner 9 dis- 
covered that Riobos and Deimos are ir.egularly shaped and 
heavily cratered; they are the darkest objects seen in space. 


Phobos {Fig. 76). the nrtoon closer to Mars, is also the larger, 
23 by 16 kilometers (17 by 12 miles). Phobos completes one 
revolution around Mars in only 7.7 hours, a period less than 
the rotation time of Mars, 

Deimos (Fig. 77) is 13 by 9 kilometers (8 by 6 mites), and 
has an orbital period of 30.3 hours. Both satellites oru.i in a 
direction from west to east. However, because of the short 




Fig. 76. Photos, the inner moon of Man. Phobos. 23 by 16 kitometers (17 by 12 mites}, is the larger of the two moons. 
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Phobos peiiwl, it jppt'ats. as seen tiom the suiface, to use totaiion. each tummtj once on its own jsus ituMit) one tevolu 

inth- west anti set in the east, wheieas Deimos and the Sun rise tion alrout the pianet, always keettint) the same side lowaid 

in the east and set in the west. Both satellites are in synchronous Mars, much as the Moon does with Eai th 



Fig. 77. Deimos. the outer moon of Mens. Deimos. t3 by 9 kilometers f8 by 6 miles), is the smelter of the two moons. 
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Conclusion 


Msrirwr 9 completed it$ mission on October 27. 1972, 
when compressed gas supply was depleted, er^d stabiliza- 
tion, which was maintained by the small gas jets of the attitude 
control system, cwld no longer be maintained. The spacecraft 
slowly tumbled, turning the s<^ar panels away from the Sun, 
cutting off the necessary operational power. Fifty years may 
elapse before the orbit decays and the silent spacecraft makes 
a fiery entrance into the Martian atmosphere and impacts on 
the surface of the planet 

The information gathered by Mariner 9 has complr'ely 
changed the concept of the surface and atmosphere of the red 
planet. Gone are the intriguing Questions about the canals 


end their intended use, the wave of darkening, and the pos- 
sibility of seasonal plant growth. A whole new set of questions 
now exists about this dynamic planet with its active atmo- 
spheie, differentiated surface, and variety of ^ologic char- 
^teristics never seen before. Viking in 1976, while providing 
some of the answers, will undoubtedly pose still another set 
of questions to be answered by future missions. Mariner 9‘s 
legacy to these future explorations is the vast amount of data 
gathered in its lifetime of 349 days, more data than evert 
{.-wagined by man in all the centuries of Earth-based observa- 
tions. The complex nature of the red planet is now being 
revealed by Mariner 9's discovery of the many faces of Mars. 
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